The unsteady flow field generated by rotating rows of perforated plates and airfoil cascades are mathematically split into vortical and potential components using two methods, one relying entirely on velocity data and the other utilizing both velocity and unsteady static pressure data. The propagation and decay of these split flow perturbations are then examined and compared to linear theory predictions. The perforated plate gusts closely resemble linear theory vortical gusts. Both splitting methods indicate that they are dominantly vortical gusts with insignificant unsteady static pressure perturbations. The airfoil gusts resemble linear theory combined vortical and potential gusts. The recombined airfoil gusts using the vortical and potential components calculated by the method using only unsteady velocity data do not necessarily resemble the measured gusts, nor do they behave axially as predicted by linear theory. The recombined airfoil gusts using the linear theory components calculated by the method using both unsteady velocity and unsteady static pressure data do resemble the measured gusts and behave axially as predicted by linear theory, with the vortical component propagating unattenuated and the potential component decaying at the rate predicted by linear theory.
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INTRODUCTION
In a multistage turbomachine, each blade row generates wakes which enter the inlet flow field of downstream blade rows. In a reference frame fixed to the wake-producing blade row, the flow field is steady but possesses spatial flow nonuniformities. The motion of a downstream blade row relative to the wake-producing blade row produces a temporal flow fluctuation which is an aerodynamic forcing function, a gust, causing a fluctuating pressure response on the downstream blades. Such unsteady aerodynamic forcing functions can result in blade vibration, causing unacceptable levels of stress and adversely affecting blade fatigue life.
State-of-the-art linearized unsteady aerodynamic models for predicting blade response are essentially limited to two-dimensional, perfect-fluid theory analyses. In flat-plate analyses, the steady flow is uniform relative to the responding blade row, with superimposed small perturbations in the streamwise and transverse directions. Advanced analyses have been developed which model thickness and camber in the responding blade row, thereby distorting the perturbation by linearizing about the non-uniform steady flow around the blade rather than the simpler upstream uniform flow, for example Goldstein and Atassi [1976] , Scott and Atassi [1990] , Hall and Verdon [1989], and Fang [1991] .
In all of these models, the gust is described in terms of its harmonics, with each harmonic modeled as a gust forcing function boundary condition for the prediction of the corresponding harmonic of the unsteady aerodynamic response. The complete response of a downstream blade row is then the sum of the responses to the individual harmonics. As a consequence of this harmonic analysis, all gusts are modeled in the same manner: a Fourier series of velocity and pressure fluctuations. This assumption that all gusts may be modeled in the same manner was termed the fundamental gust modeling assumption by Henderson and Fleeter [1992a] . Henderson and Fleeter [1992a] investigated the fundamental gust modeling assumption through a series of experiments in which the gust forcing function was measured and analyzed according to linear theory. The unsteady aerodynamic response of downstream blades was measured and compared to linear theory predictions. They proposed two constraints on linear theory gusts. The primary constraint is that the gust component phase angle Ow must be either 0° or 180°, that is, the unsteady perturbation velocity vectors are parallel to one another and the gust is divergence free. The secondary constraint is that the gust magnitude direction O w must be parallel to the rotor downstream mean relative flow R2.
Their gust analysis and blade response predictions neglected potential effects, with the measured blade response normalized by the normal component of the unsteady velocity measured at the leading edge of the responding blade row. These velocity data were obtained with the responding blade row removed from the facility. The responses to gusts which satisfied the constraints were found to be accurately predicted by linear theory, while gusts which violated the constraints gave much poorer agreement between linear theory prediction and experiment. They suggested that their analysis could be improved by modeling the potential component of the gust and incorporating it into the analysis.
For incompressible flow, a method of splitting the measured gust into vortical and potential components proposed by Manwaring and Wisler [1992] utilizes unsteady velocity data only. Their incompressible analysis attributed any violation of the vortical gust constraints to the presence of an unsteady potential perturbation. However, these constraints can be violated by effects not modeled by the theory, such as momentum diffusion in the wake. In addition, any experimental error which affects the acquired unsteady velocity field directly affects the calculated unsteady potential field. Although vortical gusts only involve velocity fluctuations, potential gusts are characterized by static pressure fluctuations as well. Thus, it is important to investigate the effect of this vortical-potential splitting to account directly for the unsteady static pressure field.
In this paper, the splitting method is extended to include unsteady static pressure data. The decay characteristics of the split perturbations calculated by both the velocity-only method and the velocity-pressure method are examined and compared to linear theory predictions.
FACILITY
The Purdue Annular Cascade Research Facility is an openloop draw-through type wind tunnel capable of test section velocities of 70 m/sec (220 ft/sec). The inlet flow, conditioned first by a honeycomb section and then a settling chamber, accelerates into the annular test section via a bellmouth inlet. The test section exit flow is diffused into a large plenum. The 224 kw (300 hp) centrifugal fan located downstream of the plenum draws the air through the facility, with guide vanes at the fan inlet allowing flow rate adjustment through the facility. The annular test section, Figure  1 , houses a rotor independently driven by a 7.5 kw (10 hp) A-C motor controlled by a variable frequency drive to create the desired unsteady flow field together with the downstream stator row. The separate drive motors on the rotor and system fan uncouple the rotor speed from the through-flow velocity. Thus, independent control over unsteady aerodynamic parameters, for example the reduced frequency, is possible since the system flow rate is independent of rotor speed and the rotor configuration.
Basic measurements include the test-section velocity profile upstream of the rotor and the test-section air stagnation temperature and static pressure. The test-section air stagnation temperature is measured using a thermocouple. A pitot tube rake provides the testsection inlet velocity profile. The pitot rake is an assembly of 10 total pressure tubes equally spaced across the annular test section and aligned with the annulus axis. Two test-section static taps located on the outer annulus wall are utilized, one near the pitot rake and the other 3.18 cm (1.25 in.) upstream of the leading edge of an optional stator airfoil row. The inlet velocities are calculated from isentropic compressible flow theory using the pitot rake stagnation pressure, the test section air static pressure measurement, and the test section air stagnation temperature measurements as the input parameters.
GUST GENERATION AND MEASUREMENT
The unsteady periodic forcing functions are generated with rotating rows of perforated plates and airfoil cascades, Figure 2 . The perforated plates were fabricated from 56% porosity aluminum sheet mounted on the rotor such that the plate width was normal to the rotor axis. The airfoils have a 7° twist from the hub to the tip to achieve constant spanwise angle-of-attack and are mounted on the rotor at 35% chord and set to stagger angles measurable to ± 0.5°I nstrumentation Unsteady data define the forcing function or gust generated by the rotating rows of perforated plates and airfoil cascades. These data are determined by the midspan unsteady velocity and static pressure fluctuations downstream of these rotors. The rotor-exit flow field unsteady total pressure is measured with a hemisphericalnosed total pressure pitot tube fitted with an unsteady pressure transducer. The amplitude of the incident flow angle is a function of the wake generator, with the angle of the pitot tube set to minimize flow angle variations. The criterion presented by Becker and Brown [1974] shows that the errors produced by the incident flow angle fluctuations should be no more than 6% for the perforated plates and less than 1% for the airfoils. A cross hot-wire anemometer is used to measure the unsteady velocity field. The absolute velocity magnitude and flow angle errors are estimated at 4% and 0.5°r espectively. The wake velocity deficits are decomposed into streamwise and transverse velocity components, with the unsteady static pressure calculated as the difference between the unsteady total pressure and the unsteady dynamic pressure.
Data Acquisition & Analysis
The time variant signals are digitized over one rotor revolution using approximately 2000 samples. The number of ensemble averages necessary to obtain clean periodic time traces was investigated. Ensemble averaging the hot-wire and pressure transducer signals 150 and 100 times, respectively, produced very clean periodic time traces with the random fluctuations averaged away. The Fourier components of the ensemble averaged time traces are numerically determined using Fast Fourier Transform software. The sample frequency is set and the number of samples is adjusted to produce time records of exactly one rotor revolution This splitting assumes that any vortical velocity perturbation satisfies the following constraints.
Thus the linearized equations describing the rotational and irrotational perturbation components are uncoupled, with the coupling occurring in the airfoil surface boundary condition.
The irrotational perturbation velocity wp can be derived from a potential function 
Dt at ax
The perturbation potential is related to the pressure perturbation p through the unsteady Bernoulli equation.
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Substituting these relations into Equation 1 yields the following expression for the perturbation velocity potential.
In the frame of reference rotating with the wake-producing rotor, the flow is steady, with W denoting the mean velocity, Figure  3 . Periodicity in the axial-tangential (,T1) coordinate system shows that the gust propagation vector k must be perpendicular to the rotor mean flow exit velocity vector W2, expressed mathematically as (9) steady mean flow.
The perturbation velocity field is split into rotational and irrotational components per Goldstein's splitting theorem, Goldstein [1978] , Equation 3. The rotational velocity is also termed the vortical perturbation velocity or vortical gust, with the irrotational perturbation velocity also referred to as the potential or acoustic perturbation velocity or gust.
where k is the gust propagation wave vector k = 1(4-et + knem , e4 and en are unit vectors and k and kn are the axial and tangential wave numbers, W = W2 = Vek + Wnen where WTI and W are the mean rotor-relative velocities in the tangential and axial directions.
The gust propagation vector k is specified as follows. The flow in the rotor frame is spatially periodic, repeating itself every rotor spacing. The tangential wave number for the nth harmonic is thus The vortical gust -1.:v% is specified as follows. The vortical gust convects with the mean flow W, Equation 5. This is expressed as
where N:1%4 ; is the vortical gust amplitude vector.
Equations 4 and 13 relate the wave vector and the gust amplitude vector so that the gust propagates in a direction normal to
Combining this with the result expressed in Equation 10 shows that the vortical gust velocity magnitude vector must be parallel to the mean rotor-relative velocity.
w
(15) Manwaring and Wisler [1992] denoted the complex constant of proportionality between these two constant vectors by D. Thus the vortical gust in the rotor frame can be written as
Relating Measurements to Theory
The complex constants A and D are determined experimentally by measuring the wake, as proposed by Giles and reported by Manwaring and Wisler [1992] . The three perturbation quantities measured in the experiments discussed herein are the two components of the unsteady velocity and the unsteady static pressure. Due to measurement uncertainty and limitations of the theory, there are inevitable discrepancies between these three measured quantities and the two complex constants, A and D, available to fit the theory to the data. These discrepancies are minimized by developing a least squares formulation to find a best fit of the two constants A and D to the measurements. = 1317\jexp (-i• 50 The relationship between the linear theory quantities A and (16) D and the measured perturbation quantities can be put into the following matrix form.
This equation shows that the vortical gust propagates unattenuated in the direction of the gust propagation vectork.
Potential Gust
The potential or acoustic gust W. p is determined from the steady form of the perturbation velocity potential equation, Equation 9.
This has solutions of the form
where u is the streamwise component of the measured perturbation velocity, v is the normal component, and p is the measured unsteady static pressure. Equation 18 shows that there is a different wave number corresponding to each harmonic, thus A and D take on different values for each hannonic analyzed.
im,m"k" where x = is the axial decay facto, A is a The vortical and potential gusts stv.,, and Op are thus described in terms of their harmonics.
Note that specifying Wil=W22=1 and W33=0 removes the measured (20) pressure from the calculation and recovers Manwaring and Wisler's method.
where NT. , p = Off, Thus the linear theory combined potential and vortical gusts are described by the complex constants An and Dn. Note that except for An and Dn , which must be determined experimentally, these are completely specified.
The method developed herein fits two linear theory complex constants, A and D, to three unsteady perturbation measurements, u, v, and p. Only two weighting factors are used herein: Ww=Wr 1=W22 for the two unsteady velocity components, and W p=W33 for the unsteady static pressure. The subscript v refers to the unsteady velocity measurements, with the subscript p referring to the unsteady static pressure measurement.
A consequence of this least squares method is that while the unsteady static pressure measurement can be given a zero weighting, the two unsteady velocity measurements cannot since this would attempt to fit the two linear theory values to one measurement . It should also be noted that if the flow is incompressible, the axial decay factor of the potential field is exactly the negative of the circumferential wave number. This leads to identical rows in the [1] . 11WIT] matrix if and only if all weightings are equal. This is a failure of the normal equation form of least squares for this special case.
With this least squares method, if the weighting is chosen so as to rely solely on the unsteady velocity measurements, the unsteady velocity field is reconstructed exactly and all the discrepancy between the theoretical gust and the measurement resides in the calculated unsteady static pressure perturbation. If the weighting is chosen to rely mainly on the unsteady static pressure measurement, then the discrepancy resides mainly in the reconstructed unsteady velocity field.
The measured unsteady velocities and static pressure perturbations are nondimensionalized as follows. Using the rotor blade spacing SR as the characteristic length results in the dimensionless linear theory gust parameters Measurements alone, W," = 1 and W p = 0. This is presumably due to some of the noise in the unsteady pressure signal canceling some of the noise in the unsteady velocity signal. Also note that the 'measured' unsteady static pressure is calculated from unsteady total pressure and unsteady dynamic pressure. Therefore the static pressure 'measurement' contains redundant velocity information while carrying along additional pressure information. A similar simulated gust without the artificial noise produced results which accurately split the two components and were unaffected by the weighting.
With regard to the experiments, two weighting cases are discussed herein. Method V (W V = 1, Wp = 0) places all of the emphasis on the unsteady velocity perturbation, neglecting the unsteady pressure perturbation and thus duplicates the method of Manwaring and Wisler [1992] . Any violation of the vortical gust constraints is attributed to the presence of an unsteady potential field. The linear theory gust constructed from the calculated values of A* and D* exactly duplicates the measured unsteady velocity field. However, the static pressure perturbation calculated by this method is affected by any effects not modeled by the theory. Method P = .01, Wp = 0.99) puts most of the emphasis on the measured unsteady static pressure, thus calculating an unsteady potential field which corresponds closely to the measured static pressure perturbation. As indicated in Figure 4 , the splitting appears most accurate when most of the weighting is placed on the unsteady static pressure. The weighting factors for Method P were chosen to give a heavy weighting to the unsteady static pressure while still avoiding the numerical problem encountered when the velocities are given zero weighting. Note that the unsteady static pressure was calculated from an unsteady total pressure and an unsteady dynamic pressure. Thus the unsteady static pressure data contain redundant velocity information so the velocity is actually weighted more heavily than is apparent. The least squares technique minimizes the overall difference between the calculated theoretical quantities and the measurements.
Gust Presentation
A typical perforated-plate forcing function is presented in Figure 5 illustrating the forcing function plot construction. The periodic velocity vector profile and static pressure distribution define the forcing function. A complete forcing function plot is (29) shown together with the forcing function fundamental harmonic. (28) for the potential and vortical gusts, respectively, where n is the number of the particular harmonic being analyzed.
This method of splitting the gust was studied numerically by generating a linear theory gust with 1A 5 1 equal to 0.005 and 113 5 1 equal to 0.01 and constructing velocity and pressure 'time traces' of the 'measured' quantities. These time traces were then distorted with Gaussian-distributed random noise to simulate experimental error. This simulated gust was then processed by the same methods to be utilized with the experimentally measured gusts. Figure 4 shows the computed magnitudes of the dimensionless parameters A* and D* as functions of the weighting. In this case + W, = 1, so as W p approaches one, approaches zero. It can be seen that without any unsteady pressure information, i.e. W", = 1 and Wp = 0, there is a small error in both the calculated values of A* and D*. As more emphasis is placed on the unsteady static pressure measurement, Wp increasing from zero and W" decreasing from one, the calculated values of A* and D 5 deviate further from their specified values. This is a consequence of the least squares method of fitting the calculated values to the data. Beyond the point of equal weighting, Wp = W" = 0.5, as further emphasis is placed on the unsteady total pressure measurement, it can be seen that the calculated value for D 5 approaches the specified value and A* approaches some slightly erroneous value. Note that the total error for the end case, W,, = 0.01 and W p = 0.99, is smaller in magnitude than for the case relying on the unsteady velocity The mean velocity triangles in the upper portion of the figure show the inlet (subscript 1) and downstream (subscript 2) steady flow fields. The mean velocity triangles include the absolute relative W, and rotor velocity C2 vectors together with the absolute and relative flow angles a and f3, respectively. The inlet flow enters the test section in a purely axial direction. Thus the (rotor speed)-to-(axial velocity) ratio determines the inlet mean relative flow angle, tan = The inlet mean relative flow angle increases and decreases with rotor speed and is characteristic of the operating point of the facility.
To construct the forcing function plot, a baseline is defined two fundamental wavelengths long and oriented parallel to the gust propagation direction k. Dimensionless unsteady velocity vectors, selected on equal intervals in the periodic cycle, are drawn originating from the baseline. The solid line of Figure 5 represents the dimensionless periodic unsteady static pressure distribution where the normal distance from the baseline denotes the static pressure fluctuation from the mean. The nondimensionalization discussed in the previous section results in a velocity vector of unit length representing a unit velocity pressure fluctuation. Thus, it is possible to directly determine the relative magnitudes of the velocity and pressure fluctuations.
Combined Vortical and Potential Gust
The two linear theory constraints proposed by Henderson and Fleeter [1992a] apply to only the vortical gust component. Any potential gust component must only satisfy continuity and be irrotational. The introduction of such a potential component yields a combined gust which violates the vortical linear theory constraints yet still conforms to linear theory. This is demonstrated in the following example. Figure 6 shows an idealized vortical gust with IA*1 = 0 and ID*I = 0.01 satisfying both vortical linear theory constraints., i.e. O w = 1800 and 13w = 02. The magnitude of the vortical gust component is one percent of the mean rotor relative flow and there is no potential gust component. Figure 7 shows a combined vorticalpotential gust with IA*I = 0.005 and ID*I = 0.01. The vortical gust component is the same as in Figure 6 and the additional potential gust component is a velocity perturbation of one-half of one percent of the mean rotor-relative flow. The introduction of the potential component results in the combined gust violating both of the vortical linear theory constraints while introducing a static pressure perturbation. Note that A* and D* are complex quantities. While their absolute phase angle values are meaningless, the relative phase angle between them as well as their relative magnitudes determine whether they combine to describe a gust violating either of the two vortical linear theory gust constraints individually, or both of them at the same time. Note that 1A*I must be equal to zero for the combined gust to satisfy both constraints. A non-zero value of A* will always result in a gust which violates either one or both of the vortical linear theory constraints and is always accompanied by an unsteady static pressure perturbation.
RESULTS
To investigate the linear theory splitting of the experimentally measured gust into vortical and potential components, a series of experiments directed at understanding the relevant linear theory gust characteristics were conducted. The periodic flow fields downstream of rotating rows of perforated plates and airfoil cascades were measured and analyzed for consistency with the linear theory predictions. These experiments were conducted with a constant axial velocity corresponding to a Mach number of approximately 0.15. The rotor blade-to-blade spacing was held constant at 0.35 m. The unsteady velocity and pressure fields were measured at several axial locations ranging from 0.13 m to 0.53 m downstream of the rotor center plane. With the wake generating airfoils installed, the measurement locations ranged over axial distances of 1.1 to 4.7 airfoil chords downstream of the rotor center plane. While instrumented stator vanes may be installed in this facility downstream of the rotor to experimentally determine the unsteady aerodynamic response of such a stator row to the forcing functions, no such stator vane row was installed for the experiments discussed herein.
Perforated Plate Gusts
The perforated plate wake generators generate a negligible potential field as well as viscous diffusion effects on the small length scale associated with the plate holes. Thus the viscous effects within the wake diffuse quite rapidly, leaving a large velocity deficit with a negligible static pressure perturbation.
The perforated plate forcing function presented in Figure 5 closely resembles a linear theory vortical gust. The periodic velocity vectors are nearly parallel to W2 and the unsteady static pressure fluctuation is very small. In addition, the fundamental harmonic gust parameters Ow and 13w are very close to their linear theory values with Ow 180° and 13, 132. Figure 8 shows the gust of Figure 5 split into vortical and _ potential components by Method V, which uses only the unsteady velocity data. The plots in the upper row represent complete gusts, with Nh harmonics shown. Each plot in the lower row is the fundamental harmonic of the corresponding gust in the upper row. The leftmost plot in each row is the measured gust. The next two plots are the vortical and potential unsteady velocity fields determined by the analysis, and the rightmost plot is a recombined gust where the split velocity fields are added together and the unsteady static pressure perturbation is calculated via Equation 21. For this perforated plate gust, the calculated unsteady static pressure perturbation is quite small as is the calculated unsteady potential velocity field. Note that the measured static pressure perturbation is non zero near the edges of each wake. It is believed that this is a measurement artifact due, in part, to the combination of a rapidly changing instantaneous flow angle at the edge of the perforated plate gust and the angular sensitivity of the total pressure probe.
The excellent reconstruction of this gust from the linear theory components illustrates that it can be well modeled by linear theory. This analysis also shows it is a dominantly vortical gust, indicated by the minimal unsteady static pressure field.
Airfoil Cascade Gusts
The airfoil section used for the wake-generating airfoils is the symmetric NACA 0024 airfoil with a chord of 11.4 cm (4.5 in.). With the airfoil wake generators installed on the rotor, the drive motor may be used to turn the rotor at rotational speeds higher or lower than the freewheel speed. This allows operation of the facility in compressor-loaded, turbine-loaded, and neutrally loaded configurations.
A typical neutrally loaded airfoil gust is shown in Figure 9 . This gust was measured approximately one rotor airfoil chord length downstream of the rotor center plane. Note that the linear theory gust constraints are not satisfied, O w = 262° and 13,, = 68° while132 = 42°. In addition, there is a significant unsteady static pressure perturbation. Figure 10 shows splitting Method V applied to the gust in Figure 9 . Note that there is a significant potential field, the dimensionless magnitude of which is approximately five times that of the dimensionless vortical field. Neglecting this potential field in the blade response analysis would lead to significant error. While the unsteady velocity field is reconstructed exactly, note that the calculated unsteady static pressure perturbation is slightly different from the measurement. This is a result of all the weighting being given to the unsteady velocity data with this splitting method. Figure 11 shows Method P used to split the same gust into the vortical and potential components. Note that this method almost perfectly duplicates the unsteady static pressure measurement while the unsteady velocity field is slightly different from the measurement. This is a result of the majority of the weighting being given to the pressure data with this method.
Both methods of splitting this gust indicate that it is dominated by potential effects. Due to the additional unsteady static pressure information, the potential field calculated by Method P much more closely corresponds to the measurement. Figure 12 shows a compressor loaded airfoil gust measured approximately 3.7 rotor airfoil chords downstream. Here the potential field has decayed away while there is still significant splaying of the velocity field, i.e. O w = 273°. The absence of a measured unsteady static pressure field would indicate that the splaying of the velocity field in this case is not due to potential effects. In Figure 13 the gust is split by Method V, which attributes any violation of the vortical gust constraints to the presence of an unsteady potential field. The large unsteady potential velocity perturbation calculated by this method is offset by the large unsteady vortical velocity perturbation so the reconstructed unsteady velocity field exactly duplicates the measured unsteady field. The result of this is the prediction of significant voracity in the free stream between the individual gusts and a significant unsteady static pressure field which is not reflected in the measurement. Clearly this result is in error. In addition, Method V predicts that this gust is dominated by potential effects while the data show that the unsteady static pressure perturbation is insignificant relative to the unsteady velocity perturbation. Figure 14 shows Method P used to split the same gust. The gust reconstructed from the linear theory components calculated by this method resembles the measured gust. This method predicts a potential field which much more closely corresponds to the measured unsteady static pressure perturbation. The calculated unsteady vortical velocity field shows that there is little vorticity in the free stream between the individual wakes, with the vorticity restricted to the narrow region directly behind the rotor airfoils as expected. Also, Method P predicts this gust to be dominated by vortical effects. This would indicate that the splaying of the unsteady velocity field is not due to the presence of an unsteady potential field at the point of measurement, rather the velocity field has been affected by an unsteady potential field upstream which has decayed away by this point.
GUST DECAY CHARACTERISTICS
Linear theory predicts gust propagation and decay characteristics in the axial and tangential directions. Equation 13 indicates that the vortical gust must propagate unattenuated along the wave propagation vector lc. Equation 18 states that the potential gust must propagate unattenuated in the tangential direction while decaying in the axial direction.
Perforated Plate Gusts
For the perforated plates, Figure 15 shows the first harmonic magnitudes of the normal component of the unsteady velocity perturbation i7v* measured with the hot-wire together with the normal components of the calculated vortical perturbations from from Methods V and P plotted as functions of the dimensionless axial position 4*. Neither the measured velocity perturbation nor either of the calculated vortical perturbations change significantly with axial distance, as expected from linear theory. The potential perturbations are insignificant in all three cases and thus are not presented. Figure 16 shows the analogous data for the rotor airfoils in compressor loading. Note that the measured velocity perturbation decays significantly with axial distance. Both Method V and Method P yield vortical perturbations which remain essentially constant with axial distance, as predicted by linear theory. Figure 17 presents the first harmonic measured unsteady pressure perturbation, the calculated unsteady perturbations from Methods V and P, and theory lines based on the upstream-most calculated pressure perturbation for each splitting method decaying exponentially according to the axial decay factor. It can be seen that Method V predicts a static pressure perturbation significantly higher than the measurement. While this static pressure perturbation decays with axial distance, it does so at a rate different than that predicted by linear theory. Method P produces a static pressure perturbation which agrees with the measurement and decays exponentially in the axial direction as predicted by the linear theory.
Airfoil Gusts
The same decay characteristics were examined for the airfoils in turbine loading. Figure 18 shows the measured velocity perturbation decaying rapidly with axial distance, then leveling off at a constant value. Both methods of splitting produce vortical components which do not decay with axial distance. Figure 19 shows that Method V yields a potential component which initially decays with axial distance but then remains constant at some nonzero value. Method P again yields a potential component which decays exponentially in the axial direction as predicted by linear theory.
Both the compressor loaded and turbine-loaded airfoil wakes exhibit a propagating vortical component and a decaying potential component. Close to the rotor the wakes in both cases are dominated by potential effects. However, as the wakes move down stream and the potential effects decay, the wakes become dominantly vortical.
SUMMARY AND CONCLUSIONS
The fundamental gust modeling assumptions have been investigated through a series of experiments in the Purdue Annular Cascade Research Facility. The unsteady, periodic flow fields downstream of rotating rows of perforated plates and airfoil cascades were measured with a hot-wire anemometer and an unsteady total pressure probe. The unsteady velocity and static pressure fields were then analyzed harmonically and decomposed by two methods into vortical and potential components which were then compared with linear theory predictions.
The perforated plate gusts closely resemble linear theory vortical gusts. The static pressure fluctuation is small and the periodic velocity vectors are nearly parallel to the rotor downstream mean-relative flow angle over the entire periodic cycle. The correlation of the gust parameters 0"" and Owwith their linear theory values is excellent. The vortical component of the gust propagates unattenuated as predicted by linear theory.
The airfoil gusts are well modeled by linear theory, that is, with proper choice of A* and D* , the behavior of the gust is accurately predicted as it evolves downstream. The measured velocity perturbations do not satisfy the linear theory vortical gust constraints on the gust parameters tp w and (3 w . However, an harmonic decomposition of the unsteady flow field separates the measurements into a propagating vortical component which satisfies these constraints and a decaying potential component.
Two methods were used to split the measured gusts into vortical and potential components. Method V, using only velocity data, attributes any violation of the linear theory vortical gust constraints to the presence of an unsteady potential field. These constraints can be violated by effects not modeled by linear theory. Linear theory gusts reconstructed from the components calculated by this method may yield erroneous static pressure perturbations. The least squares method of splitting the gusts, Method P, uses an unsteady static pressure measurement in addition to the unsteady velocity data. Thus this method incorporates additional information into the analysis, the unsteady static pressure and supposedly redundant information -the velocity information included in the unsteady total pressure data. This results in a more appropriate splitting of the gust into vortical and potential components, with the vortical component remaining constant in magnitude with axial distance and the potential component decaying at the rate predicted by linear theory. This clearly demonstrates that the gust should not be defined utilizing only velocity data. 
